
JOHNS HOPKINS 
UNIVERSITY t 

A 

I 
I 

i 
BEHAVIORAL AND BIOLOGICAL 

INTERACTIONS WITH SMALL GROUPS 

IN CONFINED MICROSOCIETIES 

FINAL REPORT 

The research was sponsored by the National 
Aeronautics and Space Administration under 
Grant Number NAG 2-139 

i 

Baltimwe, Maryland 21218 



The Johns Hopkins University 
School of Medicine 
720 Rutland Avenue 

Baltimore, Md 21205 

Final Report 

V t  N a  - NAG 2 - 139 

Grant Title - Behavioral and Biological Interactions with 
Small Groups in Confined Microsocieties 

Period Co vered bv - ReDort - 11/1/81 - 10/31/86 

Invest i aa to r  - Joseph V. Brady, Ph .D . 
Professor of Behavioral Biology 

Professor of Neuroscience 
and 

The Johns Hopkins University 
School of Medicine 

. 



Program Overview and Research-Based 
Recommendations 

Table of Contents 

Background of Research 

Research Accomplishments 

Significance of the Research 

Publications and Papers Presented at 
Scientific Meetings 

1 

5 

19 

2 8  

3 2  

c 



1 

t i o u  

The ob jec t ives  of t h i s  research on small group performance i n  
confined microsoc ie t ies  have focused upon t h e  development of 

p r i n c i p l e s  and procedures relevant t o  t h e  s e l e c t i o n  and t r a i n i n g  of 
space mission personnel,  upon t h e  i n v e s t i g a t i o n  of behavioral  
programming, prevent ive monitoring and c o r r e c t i v e  procedures t o  
enhance space mission performance e f f ec t iveness ,  and upon t h e  
eva lua t ion  of behavioral  and physiological  countermeasures t o  t h e  

p o t e n t i a l l y  d i s r u p t i v e  e f f e c t s  of unfami l ia r  and s t r e s s f u l  
environments. I n i t i a l  research a c t i v i t i e s  were d i r e c t e d  toward t h e  
design and  development of an experimental microsociety environment 
f o r  continuous residence by small groups of human volunteers  over 
extended time per iods under conditions which provided f o r  
programmable performance and r ec rea t iona l  oppor tun i t i e s  w i t h i n  t h e  
context of a b i o l o g i c a l l y  and behaviorally support ive s e t t i n g .  
S t u d i e s  were then undertaken t o  analyze experimentally (1) condi t ions 
t h a t  s u s t a i n  group cohesion and product iv i ty  and t h a t  prevent s o c i a l  
fragmentation and ind iv idua l  performance d e t e r i o r a t i o n ,  
( 2 )  mot iva t iona l  e f f e c t s  performance requirements, and (3)  behavioral  
and phys io logica l  e f f e c t s  r e su l t i ng  from changes i n  group s i z e  and 
composition. The s ign i f i cance  of t hese  i n v e s t i g a t i v e  endeavors i s  t o  
be understood i n  terms of emergent motivat ional  and s o c i a l -  
i n t e r a c t i o n  p r i n c i p l e s  of p r a c t i c a l  relevance f o r  t h e  establishment 
and maintenance of ope ra t iona l  mission performance e f f e c t i v e n e s s .  

The r e s u l t s  obtained from these small  group s t u d i e s  c l e a r l y  
e s t a b l i s h e d  t h e  a p p l i c a b i l i t y  and g e n e r a l i t y  of behaviora l  
technologies  and methodologies t o  t h e  experimental a n a l y s i s  of 
i nd iv idua l  and group performance within t h e  context of a human 
microsociety.  The development of behavioral  programming techniques 
was demonstrably e f f e c t i v e  i n  generating and maintaining such 
ind iv idua l  and group performance f o r  monitoring and measurement w i t h  

p r ec i s ion  and r e g u l a r i t y  over extended t i m e  per iods .  Importantly,  
t h e  a p p l i c a t i o n  of fundamental contingency management p r i n c i p l e s  and 
t h e  technologica l  gu ide l ines  t h a t  provided t h e  b a s i s  f o r  design and 
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development of t h e  programmed microsociety environment have been 
shown t o  s u s t a i n  ind iv idua l  performance e f f e c t i v e n e s s  and group 
cohesiveness without notable  b io logica l  o r  behavioral  d i s rup t ion  
under  condi t ions  of s p a t i a l  r e s t r i c t i o n ,  s o c i a l  separa t ion ,  and 

enforced i n t i m a c y .  
- 

More s p e c i f i c a l l y ,  t h e  r e s u l t s  of t hese  s t u d i e s  have shown t h a t  
both ind iv idua l  and group product iv i ty  can be enhanced under such  

confined microsociety condi t ions by t h e  d i r e c t  a p p l i c a t i o n  of 
contingency management p r inc ip l e s  t o  designated high-value component 
t a s k s  w i t h i n  t h e  o v e r a l l  performance program. S imi la r ly ,  group 
cohesiveness can be promoted and ind iv idua l  s o c i a l  i s o l a t i o n  and/or 
a l i e n a t i o n  ( i . e . ,  group fragmentation) prevented by  t h e  app l i ca t ion  
of contingency management p r inc ip l e s  t o  s o c i a l  i n t e r a c t i o n  segments 
of t h e  performance program. Measures of p a r t i c i p a t i o n  i n  group 
a c t i v i t i e s  under confined microsociety condi t ions w e r e  shown t o  be 
r e l a t e d  t o  t h e  degree t o  which individual  a l i e n a t i o n  o r  withdrawal 
occurs when circumstances require  group "pa i r ing"  performances. 

Conditions which have been found t o  r e s u l t  i n  t h e  progressive 
d e t e r i o r a t i o n  of ind iv idua l  and group performance e f f e c t i v e n e s s  
include avers ive  programming contingencies,  such a s  avoidance of 
c r i t i c i s m  o r  punishing events .  The by-products of avers ive  schedules 
t h a t  emerge under such circumstances were found t o  be de t ec t ab le  and 
q u a n t i f i a b l e  i n  measures of verbal performance ( e . g . ,  confrontat ion 
and i n t e r s u b j e c t  r a t i n g s ) ,  work performance ( e . g . ,  diminished 
p r o d u c t i v i t y ) ,  and group morale ( e . g . ,  i r r i t a b i l i t y  and dysphoric 
mood). Moreover, p o s i t i v e  incent ive contingency management was 
demonstrated t o  counteract  e f f e c t i v e l y  t h e  d i s r u p t i v e  consequence of 
such ave r s ive  programming contingencies w h i l e  a t  t h e  same time 
support ing high work product ivi ty  f r e e  from negat ive s i d e - e f f e c t s .  

Related research  resu l t s  emphasized t h e  prominent involvement of 
behaviora l  and b io log ica l  processes t h a t  a r e  func t iona l ly  r e l a t e d  t o  
group a d j u s t m e n t s  when changes occurred i n  group membership 
composition and s i z e .  The experimental ana lys i s  of such 
" in t roduct ion"  e f f e c t s  emphasized t h e  c r i t i c a l  importance of 
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providing a s t r u c t u r e d  t r a n s i t i o n  i n  t h e  form of o r i e n t a t i o n  and 
t r a i n i n g  regimens f o r  both nov i t i a t e  and e s t a b l i s h e d  group 
p a r t i c i p a n t s  t o  minimize p o t e n t i a l l y  d i s r u p t i v e  performance e f f e c t s  
of a l t e r i n g  t h e  in t e rpe r sona l  and s o c i a l  dynamics of a confined 

microsociety.  

More r ecen t ly ,  research on t h i s  p r o j e c t  focused upon t h e  problem 
4 

of work p roduc t iv i ty  enhancement i n  a semi-autonomous confined 
microsociety.  An opera t iona l  s e t t i n g  was simulated i n  t h e  s p e c i a l l y  
designed l i v e - i n  labora tory  cons is t ing  of t h r e e  ind iv idua l  rooms 
connected by a hallway t o  a l a r g e  s o c i a l  a rea  and a smaller  work room 
o r  "du ty  s t a t i o n " .  The experimental environment was in t e r f aced  w i t h  

a computer system which provided f o r  continuous programming of access 
t o  labora tory  f a c i l i t i e s  and resources a s  wel l  a s  monitoring and 
recording of performance functions and behavioral  i n t e r a c t i o n s .  

A workplace environment was simulated i n  t h i s  programmed human 
l abora to ry  by following two s t r a t e g i e s .  F i r s t ,  a s e t  of r e p e t i t i v e  
a c t i v i t i e s  was a r b i t r a r i l y  es tab l i shed  a s  t h e  s u b j e c t s '  response 
r e p e r t o i r e .  These a c t i v i t i e s  resembled t h e  k i n d s  of t h ings  people do 
i n  a s t r u c t u r e d  work environment ( e .  g . ,  word-sorting, rug-hooking, 
d i g i t  symbol t ransposing,  e t c . ) .  Second, t h e  sub jec t s  were 
cons t ra ined  t o  engage i n  t h i s  set of a c t i v i t i e s  f o r  an extended work 
per iod .  Subjects  spent p a r t  of each day working alone and another 
p a r t  i n t e r a c t i n g  with two o ther  people l i v i n g  under t h e  same 
cond i t ions .  Volunteer pa r t i c ipan t s  l i v e d  continuously i n  t h i s  

programmed r e s i d e n t i a l  environment f o r  per iods  up t o  a month. A l l  

behavior was monitored through high-resolution co lo r  video cameras 
and recorded c a t e g o r i c a l l y  by t r a i n e d  observers  using a microcomputer 
program developed f o r  observation of ordinary human behavior.  I n  

add i t ion  t o  t h e  s tandard set  of work-like a c t i v i t i e s  a v a i l a b l e  i n  t h e  
ind iv idua l  room, each subjec t  a lso brought a s e t  of i nd iv idua l  hobby 
a c t i v i t i e s  which w e r e  a v a i l a b l e  o n l y  during t h e  per iod  when sub jec t s  

could i n t e r a c t  s o c i a l l y .  

Experiments began w i t h  a basel ine per iod  (up t o  7 days) during 

which t h e  sub jec t s  were f r e e  t o  engage i n  any of t h e  work-like 
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a c t i v i t i e s  provided b u t  t h e y  had t o  engage i n  one t h e m .  The 

percentage of t i m e  devoted t o  t h e  var ious  a c t i v i t i e s  d u r i n g  t h i s  

per iod provided t h e  b a s i s  f o r  s e l ec t ing  one a c t i v i t y  which occurred 
with high frequency ( i . e .  , t h e  "rewarding" a c t i v i t y )  and one a c t i v i t y  
with a low frequency of occurrence (i .e .  , t h e  " instrumental"  
a c t i v i t y ) .  Performance of t h e  low frequency instrumental  a c t i v i t y  
was then  requi red  t o  gain access  t o  t h e  high frequency rewarding 
a c t i v i t y .  To earn t h e  amount of time devoted t o  t h e  high frequency 
a c t i v i t y  during base l ine  f o r  example, t h e  subjec t  was requi red  t o  
double t h e  amount of t i m e  devoted t o  t h e  low frequency a c t i v i t y  
during b a s e l i n e .  The research then, was d i r e c t e d  toward e luc ida t ing  
t h e  condi t ions  under which work  performances can be enhanced i n  such 
a confined microsociety s e t t i n g .  

The r e s u l t s  showed t h a t  required work a c t i v i t i e s  a r e  a f f e c t e d  i n  
t h e  same way by t h e  ind ica ted  contingency procedures a s  highly valued 
s e l f - s e l e c t e d  a c t i v i t i e s  used i n  previous research .  The amount of 
t i m e  devoted t o  t h e  designated instrumental  a c t i v i t i e s  was g r e a t l y  
increased  during t h e  contingency per iods .  When s u c h  contingencies 
were placed on high-probabi l i ty  a c t i v i t i e s ,  t h e r e  were cons i s t en t  
reduct ions  i n  t h e  t i m e  devoted t o  t hese  performances and sub jec t s  
r a r e l y  r e s to red  t h e  r e s t r i c t e d  a c t i v i t y  t o  base l ine  l e v e l s  w h i l e  t h e  
contingency remained i n  e f f e c t .  I n t e r e s t i n g l y  however, t h e  sub jec t s  
i n  these experiments cons i s t en t ly  d i d  more than t h e  amount of 
ins t rumenta l  a c t i v i t y  required t o  r e s t o r e  access  t o  t h e  r e s t r i c t e d  
' " b " & b J  3 m 4 - ; ~ 7 ; + - 7  in ~ r d e r  tc mlintain 2 c o n d i t i o n  which +_heir I tbank  

accountsv1, a s  it were, never went t o  zero.  

Motivat ional  and soc ia l - in t e rac t ion  p r i n c i p l e s  der ived from t h i s  

research  would appear t o  be relevant t o  t h e  i n i t i a l  establishment and 
long-term maintenance of operat ional  mission performance 
e f f e c t i v e n e s s .  I n  p a r t i c u l a r ,  s e l ec t ion  procedures f o r  space mission 
p a r t i c i p a n t s  should c a p i t a l i z e  upon t h e  b e n e f i t s  der ived from pre-  
f l i g h t  eva lua t ions  of ind iv idua l  performance e f f e c t i v e n e s s  under 
cont inuously programmed environmental condi t ions .  Group i n t e r a c t i o n  
assessments should a l s o  form a n  i n t e g r a l  p a r t  of s e l e c t i o n  c r i t e r i a  
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under environmental programming condi t ions emphasizing s o c i a l  
i n t e r a c t i o n  cont ingencies .  Moreover, t r a i n i n g  procedures f o r  bo th  
ind iv idua l  and group performances should be undertaken wi th in  t h e  
contex t  of t h e  powerful "learning-performance" a p p l i c a t i o n s  of 
contingency management p r inc ip l e s  i n  h ighly  programmed environmental 
s e t t i n g s .  

I n - f l i g h t  programming schedules should a l s o  be based upon 
detai led behavior analyses  of performance-chaining sequences t o  
i n s u r e  t h a t  t h e  oppor tuni ty  t o  engage i n  "high s t r eng th"  a c t i v i t i e s  
i s  con t ingen t ly  related t o  t h e  p r i o r  occurrence of  e s s e n t i a l  work 
t a s k s  and t h a t  t h e  performance of s u c h  work t a s k s  occurs  under 
p o s i t i v e  incen t ive  condi t ions .  F ina l ly ,  both p r e - f l i g h t  t r a i n i n g  and 
i n - f l i g h t  performance product iv i ty  can be enhanced by t h e  app l i ca t ion  
of a p p r o p r i a t e l y  programmed contingency management p r i n c i p l e s  which 

minimize ave r s ive  c o n t r o l  procedures and provide f l e x i b l e  work-rest 
cyc le s  d e t e r m i n e d  on t h e  basis of performance e f f e c t i v e n e s s  and 
i n d i v i d u a l  and group program preferences .  

ear& 

Two basic approaches are general ly  used f o r  s tudying  behavior 
wi th  observa t ions  be ing  made under condi t ions  of e i ther  (1) t h e  

n a t u r a l  h a b i t a t ,  o r  ( 2 )  i n  a r t i f i c i a l ,  c l o s e l y  c o n t r o l l e d  
environments. T h e  b e n e f i t s  and disadvantages of each approach have 
been well-documented, with t h e  n a t u r a l i s t i c  e t h o l o g i c a l  monitoring of 
both cur renc  ana iong-cerm even t s  i a c k i i i y  experinie~iiai r i g o r ,  aiid t h e  

c o n t r o l l e d  experimental  environment s e t t i n g  demonstrating func t iona l  
r e l a t i o n s  but  o f t e n  neg lec t ing  t h e  a n a l y s i s  of  progress ive  change i n  
t h e  degree of e x t e r n a l  c o n t r o l  and t h e  development of i n t e r n a l  
equi l ibr ium.  A promising recent  development wi th in  t h e  context  of 
e c o l o g i c a l  methods and procedures a t t e n d s  t o  minia ture  s o c i a l  systems 
referred t o  as "behavior s e t t i ngs" .  The behavior s e t t i n g  i s  
comprised of t h e  phys ica l  aspects  of  a s p e c i f i c  s o c i a l  s i t u a t i o n  and 
t h e  people  involved t h e r e i n .  I n i t i a l  research i n  t h i s  f i e l d  has 
focused upon t h e  s tudy of e n t i r e  communities which inc lude  hundreds 
of behavior  s e t t i n g s .  T h e  approach would c e r t a i n l y  s e e m  app l i cab le  
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t o  smaller social  u n i t s  as w e l l ,  however, s u c h  as work groups and 
co lonies  i n  space.  

One r e l evan t  i s s u e  r e c e i v i n g  i n v e s t i g a t i v e  a t t e n t i o n  wi th in  t h e  

contex t  of  "manning theory" is  t h e  e x t e n t  t o  which t h e  number of 
ind iv idua l s  i n  a behavior s e t t i n g  i s  s u f f i c i e n t  t o  c a r r y  out  
necessary t a s k s .  

s a t i s f a c t i o n  f o r  example, have been found t o  be a func t ion  of whether 
t a s k s  are under-, over-, o r  optimally manned, and deliberate 
i n t e r v e n t i o n s  i n  behavior s e t t i n g s  i n  order t o  improve t h e i r  
func t ion ing  a n d  increase  the s a t i s f a c t i o n  of t h e  p a r t i c i p a n t s ,  have 

been proposed. The obvious need for  an experimental  method t o  
concurren t ly  manipulate independent v a r i a b l e s  and assess t h e  e f f e c t s  
of such manipulations over extended du ra t ions  and on a m u l t i p l i c i t y  
of behaviora l  i n t e r a c t i o n s  has of course,  been broadly acknowledged. 
I n  t h e  absence of such an e f f e c t i v e  methodology, s e r i o u s  proposals  
and  recommendations f o r  space occupancy designs have been l i m i t e d  t o  
an "ecologica l  systems" approach. -out a n  e x p e r h e n t g l  l v  der ived  

&ta  base from a f-qis of h m  behavior,  however, t& 

DVergeneraljtV of t h e s e  D r o i e c t i o n s  - render  them -le of insurina 
Lhe success fu l  establis-t of en- SDace h a b i t a t s ,  

Considerations regarding performance and job 

Developments over t h e  p a s t  several decades i n  t h e  j o i n t  
d i s c i p l i n e s  of experimental  and appl ied  behavior ana lys i s ,  t h a t  

t o g e t h e r  have given de ta i led  a t t e n t i o n  t o  t h e  c o n t r o l l i n g  r e l a t i o n s  

between environment and  behavioral  i n t e r a c t i o n s ,  provide an 
o p e r a t i o n a l  approach t o  so lv ing  many, i f  not  a l l ,  of  t h e  
methodological problems t h a t  have cons t ra ined  previous s t u d i e s  i n  
t h i s  c r i t i c a l  domain. The induct ive ly  der ived  p r i n c i p l e s  which have 
r e s u l t e d  provide a genera l ized  opera t iona l  account of t h e  observable,  
manipulable, and measurable antecedent and consequent environmental 
events  t h a t  bear func t iona l  r e l a t i o n s  t o  t h e  behavior of both 

i n d i v i d u a l s  and groups. 
environmental  r e l a t i o n s  are termed cont ingencies  of reinforcement,  
and by t h e i r  sys temat ic  manipulation, behavior c a n  be demonstrated t o  
change i n  o r d e r l y  ways. Experimental a n a l y s i s  based upon these 

Such con t ro l l i ng  antecedent  and consequent 
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contingency management procedures has been shown t o  have widespread 
success i n  and r e l i a b i l i t y  f o r ,  t h e  con t ro l  of behavior both across  
p h y l e t i c  l i n e s  and w i t h i n  behavioral  r e p e r t o i r e s  from t h e  simple t o  
t h e  complex. 

between appl ied  and b a s i c  research, such a d i f f e r e n t i a t i o n  i s  l a r g e l y  
unwarranted i n  t h e  present  case s ince t h e  methodology would involve 
h ighly  con t ro l l ed  experimental procedures b u t  t h e  r e s u l t s  of such  

a n a l y s i s  could well have immediate u t i l i t y  i n  t h e  management of 
ope ra t iona l  missions.  Thus ,  t h e  approach would be n e i t h e r  purely 
b a s i c  nor purely appl ied  research, but p a r t l y  both.  Optimal con t ro l  
over important va r i ab le s  should be complemented with high accuracy of 

research  quest ions w i t h  widely varying goals  using t h e  spec ies  of 

primary i n t e r e s t  w i t h o u t  s a c r i f i c e  of methoCaploaica1 riqnr. 

While a t tempts  a r e  f requent ly  made t o  d i s t i n g u i s h  

measurement under human laboratorv miti= I .  t o  pursue major 

. I  

An extens ive  research l i t e r a t u r e  developed i n  s eve ra l  
i n t e r r e l a t e d  a r e a s  of behavior analysi's over t h e  p a s t  two o r  t h r e e  
decades can be seen t o  have d i r e c t  relevance t o  t h e  conceptual and 
methodological requirements f o r  i nves t iga t ions  p e r t i n e n t  t o  extended 
space occupancy. T h i s  expanding da ta  base makes contac t  w i t h  

c r i t i c a l  r e l a t i o n s  b e t w e e n  t h e  behavior of i nd iv idua l s  and groups, 
with t h e  ana lys i s  of contingencies of reinforcement, with behavioral  
economies, response d i s t r i b u t i o n ,  and w i t h  t h e  e f f e c t s  of behavioral  
programs and t h e i r  r e l a t i o n s  t o  economic s y s t e m s .  I n i t i a l  success i n  
space ventures  w i l l  depend la rge ly  on a p r e c i s e  knowledge of what 
behaviors  a r e  required and how t o  occasion and maintain them within 
i n d i v i d u a l s .  
behavior of i nd iv idua l s  could p o t e n t i a l l y  be use fu l  i n  generat ing 
accounts of s o c i a l  behavior,  while t h e  reverse  i s  less l i k e l y  t o  be 
t r u e ,  a t  l e a s t  f o r  any group s t u d i e s  t h a t  do not account f o r  
v a r i a b i l i t y  i n  behavior within and between ind iv idua l s .  I t  i s  
equa l ly  t r u e  of course, t h a t  a complete understanding of group 
cont ingencies  may not be der ivable  from an a n a l y s i s  of those  same 
cont ingencies  appl ied  t o  ind iv idua ls .  put  witbout 

A complete ana lys i s  of what produces and maintains t h e  

. I .  v ~ o r a l  var-tv. - .  a 
n a t u r a l  sc ience  of behavior c a n n o t t  and w i m u t  a natural 
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sc i ence  of behavior. t h e  s o c l a l s c l e n c e s y l l l  necess- 
. .  ir cur ren t  s t  e s  of less than optimal p rec i s ion  or 

I .  1 t v .  

The i n i t i a l  success enjoyed by behavior a n a l y s i s  research  i n  
providing func t iona l  accounts of t h e  sources of i nd iv idua l  
v a r i a b i l i t y  has inev i t ab ly  produced at tempts  t o  gene ra l i ze  t h e  
procedures t o  t h e  research ana lys i s  of groups. There  a r e  a number of 
i n v e s t i g a t i v e  approaches possible ,  b u t  a l l  f a l l  i n t o  e i ther  a c l a s s  
of procedures t h a t  analyzes t h e  e f f e c t s  of cont ingencies  on a group's 
"behavior" (o r  a product o f '  such c o l l e c t i v e  behavior ) ,  o r  a c l a s s  
t ha r  analyzes t h e  e f f e c t s  of contingencies on behavioral  i n t e r a c t i o n s  
w i t h i n  t h e  group. O f  t h e  former, t h e r e  a r e  d i f f e r e n t  ways t o  observe 
t h e  behavior of a group. One approach i s  t o  measure a set  of 

responses of some unspecif ied f r ac t ion  of t h e  members of an open, 
continuously changing population. A n d  indeed, p i l o t  s t u d i e s  have 
been conducted on human cumulative production r a t e s  between groups 
w i t h  changing populat ions i n  a laboratory environment. 

An a l t e r n a t i v e  group procedure i s  t o  hold membership constant  
and expose a l l  members t o  t h e  independent va r i ab le s  of i n t e r e s t ,  
us ing within-subject  repeated measures experimental designs,  and 
a s ses s ing  any behavior change on t h e  b a s i s  of cumulative response 
measures taken from a l l  members. T h i s  procedure has been used  t o  
determine t h e  e f f e c t s  of reinforcement, and t h e  same approach was 
employed i n  t h e  ana lys i s  of a group l i v i n g  and worksharing system. 
Of considerable  p r a c t i c a l  importance i s  t h e  experimental l i t e r a t u r e  
on t h e  app l i ca t ion  of group contingencies i n  business  and i n d u s t r y .  
Experiments with group contingencies have been conducted with respec t  
t o  inc reas ing  worker attendance, improving worker e f f i c i e n c y  and 
performance, and increas ing  worker s a f e t y .  Due t o  t h e  ope ra t iona l  
na ture  of such procedures and t h e i r  o v e r a l l  e f f ec t iveness ,  a behavior 
a n a l y t i c  approach t o  organiza t iona l  behavior management i s  gaining 
widespread acceptance, and an economics proposal has suggested t h a t  a 
group of space colony workers eventual ly  be rewarded w i t h  s e l f -  
government dependent upon t h e i r  p r i o r  f u l f i l l m e n t  of p re spec i f i ed  
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production quotas .  T h i s  i s  seen  p r imar i ly  as a way t o  avoid c o s t l y  
s t r i k e s  a n d  r e b e l l i o n s  by spaceworkers. 

Aside from analyzing t h e  ways i n  which a group may c o l l e c t i v e l y  
change t h e  behavior of  i t s  members as a func t ion  of e x t e r n a l l y  
imposed cont ingencies  of  reinforcement, t h e r e  i s  a l s o  avai lable  a n  
experimental  l i t e r a t u r e  dea l ing  with t h e  a c q u i s i t i o n  of  social  and 
verbal i n t e r a c t i o n s  between members of a spec ie s  a t  a v a r i e t y  of 
phylogenic l e v e l s .  The conclusion suggested by t h i s  expanding data 
base i s  t h a t  t h e  behavior of a n  ind iv idua l  organism i n  r e l a t i o n  t o  
t h a t  of another  of t h e  same species  m a y -  be accounted f o r  by appeal ing 
t o  t h e  same fundamental l earn ing  p r i n c i p l e s  which govern non-social 
behavior/environment i n t e r a c t i o n s .  T h e  increased  complexity i n  t h e  

a n a l y s i s  of such s o c i a l  s i t u a t i o n s  ar ises  from t h e  changes which 
occur i n  ind iv idua l s  as a r e s u l t  of t h e i r  i n t e r a c t i o n s  w i t h  one 
another ,  t hus  changing, i n  t u r n ,  t h e  na tu re  of  t h e  "environment" 
independently o f  e x p l i c i t l y  programmed experimental  cond i t ions .  
Under such circumstances,  a research a n a l y s i s  of c o n t r o l l i n g  
r e l a t i o n s  involving s o c i a l  i n t e rac t ion  d i f f e r s  from s ingle-subjec t  
s tudy i n  a manner analogous t o  t h e  d i f f e rence  between simple and  

compound i n t e r e s t  where account must be taken cont inuously of ongoing 
changes. This i s  however, a problem a t t r i b u t a b l e  more t o  t e c h n i c a l  
l i m i t a t i o n s  imposed by t h e  observation and measurement systems being 
used than  by any inherent  o r  fundamental d i f f e r e n c e  i n  t h e  behavior 
of organisms i n  s o c i a l  s e t t i n g s .  

The experimental  a n a l y s i s  of complex behaviora l  i n t e r a c t i o n s  
received i t s  f i r s t  sys temat ic  laboratory t rea tment  i n  t h e  
comprehensive review of reinforcement schedule effects publ ished some 
t h r e e  decades ago. This  l e d  t o  t h e  e l abora t ion  of experimental  
procedures f o r  producing and analyzing complex multi-response 
repertoires and r e s u l t e d  i n  the experimental  a n a l y s i s  of  "choice" 
behaviors .  Closely r e l a t e d  t o  these developments w a s  t h e  work t h a t  

f i rs t  demonstrated some of t h e  r e l a t i o n a l  a s p e c t s  of  a p r i n c i p l e  of 
re inforcement .  Complex multi-response r e p e r t o i r e s ,  matching a n d  

ins t rumenta l /cont ingent  response i n t e r a c t i o n s  have been considered 
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and i n t e g r a t e d  most r e c e n t l y  within t h e  contex t  of a u n i f i e d  
r e l a t i o n a l  p r i n c i p l e  of reinforcement. Each of t h e s e  developments 
has important impl ica t ions  f o r  b o t h  t he  understanding of complex 
behavior and i t s  management under condi t ions  r e l a t e d  t o  t h e  occupancy 
of space environments. 

The behavior of an organism may be def ined  as some p o r t i o n  of an 
organism's i n t e r a c t i o n  with t h e  environment t h a t  may r e s u l t  i n  both 
i t s  d e t e c t a b l e  displacement i n  space over  t i m e  and a measurable 
change i n  a t  l eas t  one aspec t  of t h e  environment. Behavior i s  not  
s p e c i f i a b l e  i n  t h e  absence of a r e l a t i o n s h i p  between a l i v i n g  
organism and an environment, although i n  some cases t h e  environment 
may be t h e  organism i t s e l f ,  e .g . ,  t h e  behavior of i n t e r e s t  may occur 
i n s i d e  t h e  s k i n .  Behavior i s  considered detectable as a phys ica l  
event i n  space and t i m e ,  with both p r i v a t e  observa t ion  and 
observa t ion  of p r i v a t e  events  t r e a t e d  as p o t e n t i a l l y  l e g i t i m a t e  
s c i e n t i f i c  a c t i v i t i e s .  Closely r e l a t e d  and of  equal  importance, i s  
t h e  inc lus ion  of  verbal behavior within t h e  d e f i n i t i o n  of behavior,  
and evidence adduced t o  d a t e  d e m o n s t r a t e s  t h e  u t i l i t y  of a behavioral  
account of  both p r i v a t e  events  and ve rba l  behavior.  

The data  base which provides t h e  foundation f o r  t h i s  extended 
a n a l y s i s  of complex behaviora l  r e p e r t o i r e s  derives i t s  fundamental 
roots from a sys temat ic  laboratory s tudy  of t h e  e f f e c t s  of var ious  
combinations of response requirements inc luding  t h e  making of a 
r e i n f o r c i n g  environmental event contingent upon a series of responses 
i n  a given sequence. This ana lys i s  has a l so  been extended t o  t h e  
i n v e s t i g a t i o n  o f  concurrent schedules of  reinforcement,  i n  which 
d i f f e r e n t  behaviora l  responses may be emi t ted  independently w h i l e  

each i s  provided with reinforcement on sepa ra t e  schedules .  An 

a n a l y s i s  of t h e  preference  of organisms t o  engage i n  more o r  less 
responding of one such behavior than another  led t o  a ma tch ing  
p r i n c i p l e  which holds  t h a t  t h e  r e l a t i v e  s t r e n g t h s  of responding 
should be p ropor t iona l ly  matched t o  t h e  d e n s i t y  of reinforcement f o r  
each response.  The matching law i s  c l o s e l y  r e l a t e d  t o  t h e  p r i n c i p l e  

p r e d i c t i n g  t h a t  a f t e r  producing a s h i f t  i n  r e l a t i v e  response 
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s t r e n g t h s ,  one  c o u l d  s t r e n g t h e n  t h e  lower p r o b a b i l i t y  r e s p o n s e  by  

making access t o  t h e  h i g h e r  p r o b a b i l i t y  r e s p o n s e  c o n t i n g e n t  upon i t .  

T h i s  g e n e r a l  "Premack p r i n c i p l e "  stemming f r o m  t h e  basic  work  of 

m u l t i - r e s p o n s e  repertoires h a s  had a p ro found  i n f l u e n c e  upon 

v i r t u a l l y  a l l  aspects of behav io r  a n a l y s i s  i n  t e r m s  o f  

e x p e r i m e n t a t i o n ,  a p p l i c a t i o n ,  and t h e o r y  s i n c e  it s i m u l t a n e o u s l y  

obviated several problems which had  p r e v i o u s l y  weakened b e h a v i o r a l  

a c c o u n t s  o f  r e i n f o r c e m e n t .  A n  e x p e r i m e n t a l  p r o c e d u r e  was p r o v i d e d  
which predicted changes  i n  r e sponse  p r o b a b i l i t y  w h i l e  p r o v i d i n g  a 
n o n - c i r c u l a r  d e f i n i t i o n  of  r e i n f o r c e m e n t .  But p e r h a p s  most 
i m p o r t a n t l y ,  s u c h  a r e l a t i o n a l  account  showed t h a t  t h e  r e i n f o r c i n g  
proper t ies  of a g i v e n  env i ronmen ta l  e v e n t  w e r e  n e i t h e r  a b s o l u t e  n o r  

i n t r i n s i c  t o  t h a t  e v e n t ,  b u t  t h a t  r e s p o n s e  s t r e n g t h  i s  l a r g e l y  a 
f u n c t i o n  of g i v e n  e n v i r o n m e n t a l  c o n d i t i o n s  i n  r e l a t i o n s h i p  t o  t h e  

i n d i v i d u a l ' s  r e c e n t  pas t  h i s t o r y  of d e p r i v a t i o n  or  s a t i a t i o n  w i t h  

respect t o  t h o s e  e n v i r o n m e n t a l  s t i m u l u s  c o n d i t i o n s .  

Re f inemen t s  i n  t h e  p r e d i c t i v e  a c c u r a c y  o f  t h e  r e l a t i o n a l  
p r i n c i p l e s  i n v o l v e d  appear t o  be enhanced  by a n  e q u i l i b r i u m  approach  

which combines t h e  a s sumpt ions  of h o m e o s t a s i s  f r o m  c y b e r n e t i c s  w i t h  

empirical  a n a l y s i s  t o  accoun t  f o r  r e i n f o r c e m e n t .  The a s sumpt ion ,  f o r  
example,  t h a t  there e x i s t s  a s tab le  set o f  c o n d i t i o n s  t h a t  a n  
i n d i v i d u a l  w i l l  app roach  o r  m a i n t a i n  u n d e r  c i r c u m s t a n c e s  t h a t  p e r t u r b  

o r  c h a l l e n g e  these c o n d i t i o n s  p r o v i d e s  t h e  e q u i l i b r i u m  approach  t o  
t h e  r e l a t i o n a l  p r i n c i p l e  o f  r e in fo rcemen t  w i t h  t h e  s i g n i f i c a n t  

a d v a n t a g e  o f  making b o t h  p r e d i c t i o n s  more precise a n d  t h e i r  

a s s e s s m e n t  more a c c u r a t e  a n d  val id .  Indeed ,  t h e  we igh t  of available 

e v i d e n c e  would seem t o  favor t h i s  e q u i l i b r i u m  r e f i n e m e n t  of t h e  
r e l a t i o n a l  a c c o u n t  of r e in fo rcemen t  w i t h  t h e  f u r t h e r  pract ical  
i m p l i c a t i o n  t h a t  unde r  c o n d i t i o n s  of d e p r i v a t i o n ,  lower-rate 
c o n t i n g e n t  b e h a v i o r s  may b e  used  t o  r e i n f o r c e  h i g h e r  ra te  
i n s t r u m e n t a l  b e h a v i o r s ,  w h i l e  under c o n d i t i o n s  o f  s a t i a t i o n ,  access 
t o  h i g h e r  p r o b a b i l i t y  c o n t i n g e n t  r e s p o n s e s  may a c t u a l l y  p u n i s h  a l o w  

p r o b a b i l i t y  i n s t r u m e n t a l  r e s p o n s e .  
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There are, of c o u r s e ,  a number of i n t e r r e l a t e d  factors  t h a t  need  
t o  be c o n s i d e r e d  i n  q u a l i f y i n g  t h e  c o n d i t i o n s  unde r  which ma tch ing  
and  i n s t r u m e n t a l / c o n t i n g e n t  r e sponse  p r e d i c t i o n s  c a n  be e x p e c t e d  t o  
o b t a i n .  A t  t h e  molar leve l ,  for example,  i n t e g r a t i o n  of t h e  
h e u r i s t i c  c o n c e p t s  s u p p l i e d  b y  b a s i c  economics t h e o r y  may w e l l  s e r v e  

t o  enhance  t h e  predict ive power of  a b e h a v i o r  a n a l y s i s .  One s u c h  
ecological economics c o n c e p t ,  t h a t  of closed v e r s u s  open sys t ems ,  

would seem t o  be of direct r e l e v a n c e  t o  t h e  space-related 
a p p l i c a t i o n s  o f  b e h a v i o r  a n a l y s i s .  I n  t h e  t y p i c a l  l a b o r a t o r y  s t u d y ,  

t h e  s u b j e c t ( s )  o c c u p i e s  an  e x p e r i m e n t a l  space f o r  a l i m i t e d  period of  
t i m e  d u r i n g  which c o n t i n g e n c i e s  may be m a n i p u l a t e d  and  changes  i n  one 

o r  more i n s t r u m e n t a l  r e s p o n s e s  obse rved .  I f  t h e  s u b j e c t  t h e n  leaves 
t h e  e x p e r i m e n t a l  s p a c e  ( e . g . ,  a f t e r  a few h o u r s )  and  r e t u r n s  t o  a n  
envi ronment  where t h e  con t ingency  r e l a t i o n s h i p s  u n d e r  s t u d y  do n o t  
o b t a i n ,  t h e  expe r imen t  may be seen t o  be rropenll  i n  t h e  s e n s e  t h a t  t h e  

s u b j e c t ' s  demand f o r  t h e  relevant r e i n f o r c e r s  i s  n o t  i n  e q u i l i b r i u m  
w i t h  t h e  r e i n f o r c e m e n t  s u p p l y  p rov ided  by  t h e  e x p e r i m e n t a l  s i t u a t i o n .  

I n  a "closed" sys tem,  t h e  amount of consumption o f  r e i n f o r c e m e n t  by  
t h e  s u b j e c t  i s  a d i rec t  f u n c t i o n  o f  an  e q u i l i b r i u m  between i t s  demand 

on t h e  envi ronment  a n d  t h e  env i ronmen t ' s  s u p p l y .  Marked d i f f e r e n c e s  

i n  behavior are observed depending on whether pe r fo rmances  are 
o c c u r r i n g  i n  closed o r  open sys tems.  

The t w o  pa i r s  of i n t e r r e l a t e d  p o l a r  c o n c e p t s  o f  demand 
e l a s t i c i t y  and  i n e l a s t i c i t y ,  and s u b s t i t u t a b i l i t y  a n d  complemen ta r i ty  
may h e l p  t o  c l a r i f y  t h e  b e h a v i o r a l  d i f f e r e n c e s  between c l o s e d  a n d  

open  s y s t e m s .  I t  h a s  been  conv inc ing ly  d e m o n s t r a t e d  f o r  example,  
t h a t  demand i s  n o t  e q u i v a l e n t  t o  r e s p o n s e  ra te .  Response rate i s  
s e e n  as b e i n g  a f u n c t i o n  of demand where demand i s  e q u i v a l e n t  t o  t h e  

p r o d u c t  of t h e  q u a n t i t y  of r e in fo rcemen t  o b t a i n e d  a n d  t h e  u n i t  pr ice .  
If  demand f o r  a g i v e n  t y p e  o f  r e i n f o r c e r  i s  i n e l a s t i c ,  t h e n  a n  
i n c r e a s e  i n  price ( r e s p o n s e  requi rement  i n c r e m e n t )  w i l l  r e s u l t  i n  a 
commensurate or n e a r l y  commensurate i n c r e a s e  i n  r e s p o n s e  ra te  i n  
order t o  m a i n t a i n  p r i o r  levels of consumpt ion .  I f  consumption o f  a 
r e i n f o r c e r  d e c a y s  r a p i d l y  as a f u n c t i o n  of p r i c e  i n c r e a s e s ,  t h e n  
amount o f  r e s p o n d i n g  levels o f f  and /o r  decreases, a n d  demand f o r  t h e  
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r e i n f o r c e r  i n  q u e s t i o n  i s  sa id  t o  be e l a s t i c .  I n  closed economies,  
demand f o r  some r e i n f o r c e r s  w i l l  be e l a s t i c ,  w h i l e  o ther  r e i n f o r c e r  
demands w i l l  be i n e l a s t i c .  Whether t h e y  are one  o r  t h e  o t h e r  t y p e  
w i l l  p r o b a b l y  depend l a r g e l y  on  b i o l o g i c a l  c o n s t r a i n t s .  The 

a v a i l a b i l i t y  of a s u b s t i t u t e  w i l l  i n c r e a s e  e l a s t i c i t y ;  t h e  i n e l a s t i c  
n a t u r e  o f  " s u r v i v a l  r e i n f o r c e r s "  r e s u l t s  from t h e  f a c t  t h a t  o t h e r  
ava i lab le  r e i n f o r c e r s  w i l l  n o t  s e r v e  as s u b s t i t u t e s ,  h e n c e  t h e  

r e f e r e n c e  t o  " e s s e n t i a l " ,  " r equ i r ed" ,  o r  "pr imary"  r e s o u r c e s .  I n  

open economies any  r e i n f o r c e r  may o f t e n  be s u b s t i t u t e d  elsewhere and,  
as a r e s u l t ,  demand f o r  most o f  t h e  r e s o u r c e s  may be h i g h l y  e l a s t i c .  

R e i n f o r c e r s  may serve as s u b s t i t u t e s  a n d / o r  complements .  By 
s u b s t i t u t a b i l i t y  i s  meant t h e  i n c r e a s e  i n  r e s p o n d i n g  f o r  consumption 
o f  one r e i n f o r c e r  as t h e  s u p p l y  o f  a n o t h e r  i s  r educed  o r  becomes more 
e x p e n s i v e .  Fo r  example,  as r equ i r emen t s  i n c r e a s e  f o r  a g i v e n  

i n s t r u m e n t a l  r e s p o n s e  class,  one so r t  o f  r e i n f o r c e r  a v a i l a b i l i t y  i s  
d i m i n i s h e d .  
f o r  a n o t h e r ,  more r e a d i l y  a v a i l a b l e ,  r e i n f o r c e r  may i n c r e a s e  ( w e  buy 

more c h i c k e n  when b e e f  i s  expens ive  o r  scarce) .  When d i f f e r e n t  
c o n t i n g e n t  r e s p o n s e s  may be s u b s t i t u t e d  f o r  a n o t h e r ,  t h i s  i s  
p resumab ly  a r e f l e c t i o n  of t h e  f a c t  t h a t  t h e  r e s p o n s e s  e a c h  p roduce  
r e i n f o r c e r s  t h a t  may e x e r t  c o n t r o l  o v e r  i d e n t i c a l  e l ic i ted  r e s p o n s e s .  

R e i n f o r c e r s  may a l so  be complementary.  P o s t - p r a n d i a l  d r i n k i n g  i s  a 
common b e h a v i o r a l  phenomenon which i l l u s t r a t e s  c o m p l e m e n t a r i t y .  The 
c o n t i n g e n t  r e s p o n s e  of d r i n k i n g  water may complement t h e  i n s t r u m e n t a l  

Consumption o f  t ha t  r e i n f o r c e r  may decrease w h i l e  demand 

A L . L ) p " I I . L ) G  *fi-nn-*- "I - 4  L u L r r r y  --+:n- A I &  :n thn  & * A b  " " I I Y I  cnncn t h a t  ----- it f~cilitites ?-he C o n g l j m p t i o n  

of d r y  f o o d .  

That a g i v e n  r e i n f o r c e r  may serve as b o t h  a complement a n d  

s u b s t i t u t e  i s  r e a d i l y  i l l u s t r a t e d  by e x t e n d i n g  t h e  example of 

d r i n k i n g  water t o  t h e  consumption o f  v a r i o u s  s u b s t a n c e s  c o n t a i n i n g  

water.  I f  t h e  r e s p o n s e  r equ i r emen t s  f o r  access t o  water are raised 
s u f f i c i e n t l y ,  b e h a v i o r  r e s u l t i n g  i n  access t o  food s u b s t a n c e s  

c o n t a i n i n g  water s u c h  as c i t r u s  f r u i t s  and  so  on,  might be r e a d i l y  

s u b s t i t u t e d .  Conver se ly ,  i n c r e a s e d  s u p p l y  o r  decreased p r i ce  w i l l  

decrease t h e  demand f o r  one r e i n f o r c e r ,  and  i n c r e a s e  t h e  demand f o r  
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complements of t h a t  r e i n f o r c e r .  I n  t h e  absence of access t o  
s u b s t i t u t a b l e  substances however, t h e  demand f o r  water would be 

p red ic t ab ly  i n e l a s t i c  ( c e r t a i n l y  a t  l e a s t ,  i n  c losed  economies) even 
though under base l ine  conditions it may not be p re fe r r ed  i n  choice 

tes ts  over o the r  r e i n f o r c e r s .  

I n  t h e  s i t u a t i o n  of r e s t r i c t e d  access  t o  given responses, t h e  

r e s u l t i n g  s u b s t i t u t i o n  might be predicted t o  produce a change i n  an 
organism's i n t e r n a l  physiological and  behavioral  ecology along a l l  
remaining response dimensions t o  varying degrees .  Purely r a t i o n a l ,  
l o g i c a l ,  o r  non-empirical attempts t o  p red ic t  mul t ip le  response 
d i s t r i b u t i o n  a s  a funct ion of r e s t r i c t i o n s  on access  t o  given 
responses,  however, w i l l  generally be unsuccessful .  Without a 
func t iona l ,  and preferab ly ,  empirical  ana lys i s ,  r e d i s t r i b u t i o n  may 
not be accu ra t e ly  accounted for s ince  not a l l  behavioral  r e p e r t o i r e s  
a r e  equal ly  s u b s t i t u t a b l e .  R a t h e r ,  behaviors w i l l  r e d i s t r i b u t e  
themselves s e l e c t i v e l y .  Select ive r e d i s t r i b u t i o n  i s  t h e  
d i sp ropor t iona te  reduct ion o r  increase i n  some response c l a s s e s  
w i t h i n  t h e  o v e r a l l  r e p e r t o i r e  ava i lab le  t o  t h e  organism, r e s u l t i n g  
from a change i n  t h e  a v a i l a b i l i t y  of some o the r  a c t i v i t y .  I f  a 
p a r t i c u l a r  response increases  i n  s t r e n g t h  when another i s  r e s t r i c t e d ,  
such an inc rease  i s  considered s e l e c t i v e  s u b s t i t u t i o n .  Conversely, 
if a response decreases  i n  s t rength  when some o ther  response i s  
r e s t r i c t e d ,  such a decrease ind ica tes  a complementary r e l a t i o n s h i p .  
As a r e s u l t  of such s e l e c t i v e  in t e rac t ions ,  t h e s e  responses increase  
nr clerrepse t n  a greater exten t  t h a n  o t h e r s .  I f  they d id  not ,  a l l  

o the r  non-contingent responding might be seen t o  increase  s l i g h t l y  i n  
equal  amounts t o  f i l l  i n  t h e  excess t i m e  ava i l ab le ,  a s  t h e  r a t i o n a l  
models p r e d i c t .  

Such r e d i s t r i b u t i o n  i s  presumed t o  be s e l e c t i v e ,  however, s ince  
only s p e c i f i c  behaviors produce t h e  same r e i n f o r c e r - e l i c i t e d  
responses a s  t h e  r e s t r i c t e d  re sponse .  Knowledge of p o t e n t i a l l y  
s u b s t i t u t a b l e  responses is  important since, i f  a r e s t r i c t e d  
cont ingent  response has a subs t i t u t ab le  response ava i l ab le ,  it i s  
p o s s i b l e  f o r  t h e  contingency as implemented t o  f a i l  t o  produce a 
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change i n  i n s t r u m e n t a l  r e spond ing .  By s e l e c t i n g  r e s p o n s e  classes 
( f o r  b o t h  i n s t r u m e n t a l / c o n t i n g e n t  e x p e r i m e n t s  and  a p p l i c a t i o n s )  i n  

t e r m s  o f  t h e i r  a p p a r e n t  r e i n f o r c e r - e l i c i t e d  r e s p o n s e s ,  it a p p e a r s  
p o s s i b l e  t o  minimize  such  problems.  T h i s  may be done e m p i r i c a l l y  by 

impos ing  a non-con t ingen t  r e s t r i c t i o n  over a selected r e s p o n s e  d u r i n g  

a b a s e l i n e  r e s p o n s e  period, and  by t h e n  measu r ing  t h e  r e s u l t i n g  
p r o p o r t i o n a l  i n c r e a s e s  i n  t h e  remain ing  u n r e s t r i c t e d  behaviors. 

. 

Those which i n c r e a s e  i n  s t r e n g t h  i n  g r e a t e r  p r o p o r t i o n s  t h a n  t h e  

o t h e r s  are, b y  d e f i n i t i o n ,  t h e  s e l e c t i v e l y  s u b s t i t u t e d  r e s p o n s e s  f o r  

t h e  res t r ic ted r e s p o n s e .  

The re  i s ,  o f  c o u r s e ,  an  obvious  a n d  c o n t i n u i n g  need  f o r  t h e  

a d o p t i o n  o f  e x p e r i m e n t a l  approaches i f  t h e  p r e d i c t i v e  a c c u r a c y  of 

economics i s  t o  be improved.  One p e r t i n e n t  area o f  e v i d e n t  r e l e v a n c e  
t o  t h e  management o f  expe r imen ta l  s e t t i n g s  f o r  human b e h a v i o r  a n d  
s p a c e  a p p l i c a t i o n s  research focuses  upon t h e  r e l a t i o n s h i p  between 

" token  economies"  and  direct  b e h a v i o r a l  c o n t i n g e n c y  s y s t e m s .  I n  
f u n c t i o n a l  t e r m s ,  spend ing  t i m e  engaged i n  i n s t r u m e n t a l  r e s p o n d i n g  i n  

r e t u r n  f o r  access t o  a c h o i c e  of  r e i n f o r c i n g  a c t i v i t i e s  may be 

e q u i v a l e n t  i n  many respects t o  e a r n i n g  t o k e n s  a t  a job and  exchanging  
t h e m  f o r  r e i n f o r c i n g  a c t i v i t i e s .  I n  a c t u a l i t y ,  t o k e n s  p e r m i t  s a v i n g s  
and  therefore a more f l e x i b l e  d i s t r i b u t i o n  of work  and  consumpt ion .  

I n  a d d i t i o n ,  t h e  i n t e r m i t t e n t  c o l l e c t i o n  of t o k e n s  d u r i n g  a large 
r e s p o n s e  r equ i r emen t  can  p robab ly  s u s t a i n  more e n d u r i n g  pe r fo rmances  
i n  h i g h  s t r e n g t h  compared t o  t h e  c o l l e c t i o n  of a l l  t h e  same t o k e n s  a t  
t h e  efid. gfi t h e  e ther  h=lndi it ma.y he ar~nec? t h a t  m e c h a n i c a l  token 

exchange  may be d i s p e n s e d  w i t h ,  e i t h e r  by  r e p l a c i n g  it w i t h  a t o k e n  

credi t  card sys tem,  b y  p r o v i d i n g  a w i d e  v a r i e t y  o f  appe t i t ive  
c o n t i n g e n t  a c t i v i t y  o p t i o n s  t o  a l l  members i n  the g roup ,  o r  by  
p r o v i d i n g  f ewer  o p t i o n s  of h i g h e r  v a l u e  on a n  i n d i v i d u a l i z e d  basis 
f o r  e a c h  p a r t i c i p a n t .  The r e s p e c t i v e  re la t ive  e f f i c i e n c y  o f  t h e s e  

a l t e r n a t i v e s  i n  t e r m s  of t h e  c o n t r o l  of i n d i v i d u a l  a n d  collective 
b e h a v i o r  a n d  s i m u l t a n e o u s  management of l i f e - s u p p o r t  sys t ems ,  work 

r e q u i r e m e n t s ,  and  r e i n f o r c e r  and  r e s o u r c e  a l l o c a t i o n  is, of c o u r s e ,  
a n  empirical  q u e s t i o n .  
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I n  a n  e x p e r i m e n t a l  s e t t i n g  of t h e  sort  most r e l e v a n t  t o  space 

a p p l i c a t i o n s ,  of c o u r s e ,  i n s t r u m e n t a l / c o n t i n g e n t  r e l a t i o n s  may be 

specified and  m e c h a n i c a l l y  a r r a n g e d  so t h a t  s u b j e c t  i n t e r a c t i o n s  w i t h  

e x p e r i m e n t e r s  are minimized .  Thus  p r e c i s i o n ,  c o n t r o l ,  a n d  s i m p l i c i t y  
are a l l  i n c r e a s e d  w i t h  t h e  u s e  of a direct  b e h a v i o r  program. 

closed envi ronment  of a s p a c e  r e s e a r c h  and  a p p l i c a t i o n s  s e t t i n g  
s i m i l a r  c o n s i d e r a t i o n s  may v e r y  w e l l  prevai l ,  a t  l eas t  i n  t h e  e a r l y  

p h a s e s ,  a n d  t o k e n  payments f o r  s c i e n t i s t ,  crew members  a n d  
c o n s t r u c t i o n  workers ,  w i l l  p robab ly  be delivered as credit deposi ts  
i n  banks  on E a r t h .  Obvious ly ,  t h e  s i m i l a r i t y  o f  t o k e n s  o r  credits t o  

money make t h i s  o p t i o n  a p p e a l i n g  t o  humans. But i n  e a r l y  
e x t r a t e r r e s t r i a l  s o j o u r n s ,  s p a c e  h a b i t a t  p e r s o n n e l  s h a l l  p resumably  

be e x p e c t e d  t o  pe r fo rm t a s k s  r e l a t e d  t o  ecosys t em c o n s t r u c t i o n  a n d  
ma in tenance ,  o r  r e s e a r c h  and  i n d u s t r i a l  manufac tu r ing ,  w i t h  few t o k e n  

o r  t a n g i b l e  rewards. Social  and  a c t i v i t y  r e i n f o r c e r s  w i l l ,  however, 

be both ava i lab le  and  s u b j e c t  t o  r e l a t i v e l y  e a s i l y  c o n t r o l l e d  
c o n t i n g e n t  d e l i v e r y .  

o f  c h o i c e  ! 

I n  t h e  . 

As a r e s u l t  t h e y  are  p r o b a b l y  t h e  r e i n f o r c e r s  

Q u i t e  a p a r t  f rom t h e  immediate e f f i c i e n c y  of u s i n g  t o k e n ,  

credi t ,  o r  o t h e r  symbol i c  i n s t r u m e n t a l / c o n t i n g e n t  management methods, 

t h e i r  u l t i m a t e  c o n t r i b u t i o n ,  i f  any, t o  t h e  s u r v i v a l  o f  t h e  c u l t u r e  
s h o u l d  be c a r e f u l l y  s c r u t i n i z e d .  A c u l t u r e  may e a s i l y  e v o l v e  t o  
d i s p e n s e  t o k e n s  f o r  b e h a v i o r  which i s  a p p a r e n t l y  c o u n t e r - p r o d u c t i v e  
t o  t h e  welfare of many of i t s  members. T h i s  i s  l i k e l y  t o  weaken t h e  

i n s o f a r  as t h e i r  u s e  permits u s  t o  b r i d g e  t h e  temporal gap between 
b e h a v i o r  and  i t s  deferred consequences,  b u t  t h e r e  i s  l i t t l e  g u a r a n t e e  
t h a t  t h i s  w i l l  a lways  o c c u r  i n  ways conduc ive  t o  c u l t u r a l  a d a p t a t i o n .  

H i s t o r y  i s  replete w i t h  examples  of t o k e n  and  verbal behavior 

b e i n g  p r o s t i t u t e  t o  t h e  i n t e r e s t s  of a few s e l f - s e r v i n g  a n d  s e l f -  

a p p o i n t e d  c u s t o d i a n s  o f  w e a l t h  and t r a d i t i o n a l  "knowledge".  T o  t h e  
degree t h a t  t h i s  r e d u c e s  p o t e n t i a l  o p p o r t u n i t i e s  f o r  i n d i v i d u a l s  t o  
a c q u i r e  diverse o r  i n t e l l i g e n t  r e p e r t o i r e s ,  i t s  a d a p t i v e  s i g n i f i c a n c e  
may w e l l  be q u e s t i o n e d .  Token exchange economics are,  of c o u r s e ,  
u l t i m a t e l y  a means of m a i n t a i n i n g  i n t e r n a l  s t a b i l i t y  w i t h i n  a s o c i e t y  

e- r l t i re  culture. Tctens, like verbal behavier, may b e  adaptive 



1 7  

. 

. 

and  w i l l  o n l y  s u r v i v e  as a system i f  a large segment of t h e  s o c i e t y  
i s  " r e i n f o r c e d "  by  t h e  sys tem.  I t  remains  t o  be s e e n  whe the r  t h e  

main tenance  o f  mutua l  r e i n f o r c e m e n t ,  e i t h e r  n a t u r a l  o r  c o n t r i v e d  i s  
s u f f i c i e n t  f o r  b io logica l  s u r v i v a l .  One might  s u s p e c t  t h a t  any  

sys t em which s e r i o u s l y  t h r e a t e n s  s u r v i v a l  w i l l  u l t i m a t e l y  be 

abandoned.  That  it might  be abandoned too  l a t e  i s  t o  worry!  

Whatever t h e  r e s o l u t i o n  o f  t h e s e  methodological/technological 
r e s e a r c h  i s s u e s ,  a f u n c t i o n a l  a n a l y s i s  of human pe r fo rmances  as 
observable i n t e r a c t i o n s  between t h e  envi ronment  and  t h e  i n d i v i d u a l  i s  
e s s e n t i a l ,  a n d  s h o u l d  p r o v i d e  an o p e r a t i o n a l  a c c o u n t  of b e h a v i o r  
change i n  a manner s i m i l a r  t o  t h e  way i n  which Darwin ' s  t h e o r y  of 

n a t u r a l  s e l e c t i o n  accoun ted  for the  e v o l u t i o n  o f  p h y l o g e n i c  l i n e s  
(i  .e . ,  i n  d e s c r i p t i v e ,  non t e l e o l o g i c a l  t e r m s )  . S i m i l a r l y ,  as 
Darwin ' s  a c c o u n t  h a s  been s u b s e q u e n t l y  shown t o  be consonan t  w i t h  
i n f o r m a t i o n  o b t a i n e d  a t  t h e  ce l lu l a r  leve l ,  so  t o o  s h o u l d  b e h a v i o r  
p r i n c i p l e s  u l t i m a t e l y  p rove  t o  be i n  accord w i t h  an  a c c o u n t  of 

o n t o g e n i c  a d a p t a t i o n  a t  a b iochemica l  l e v e l .  T h e  p r e l i m i n a r y  o u t l i n e  

of such  a n  a c c o u n t  h a s  been  proposed i n  g e n e r a l  t e r m s  a n d  s u g g e s t s  
t h a t  t h e r e  are common b e h a v i o r a l  and  e n v i r o n m e n t a l  processes 
u n d e r l y i n g  both t h e  active a n d  r e a c t i v e  i n t e r a c t i o n s  between 
o rgan i sms  a n d  t h e i r  env i ronmen t s  and  t h a t  t h e s e  p r o c e s s e s  c o n s t i t u t e  

t h e  fundamen ta l  f e a t u r e s  o f  o n t o g e n i c  behavioral  s e l e c t i o n  a t  a 

f u n c t i o n a l  level  o f  a n a l y s i s .  The common c r i t i c a l  f e a t u r e  t h a t  

e x i s t s  p r ior  t o  l e a r n i n g  i s  the  e l i c i t a t i o n  process, a r e f l e x i v e  
response following c o n t i g u o u s l y  upon p r e s e n t a t i o n  o f  an  e l i c i t i n g  

s t i m u l u s .  But t w o  o t h e r  f e a t u r e s  are a l so  n e c e s s a r y  t o  provide a 
s u f f i c i e n t  a c c o u n t  o f  l e a r n i n g .  One of t h o s e  f e a t u r e s  i s  t h e  

a n t e c e d e n t  c o n t i g u i t y  o f  t h e  environmental-behavioral e v e n t  i n  

r e l a t i o n  t o  t h e  e l i c i t a t i o n  p r o c e s s .  The o t h e r  n e c e s s a r y  f e a t u r e  i s  

t h a t  a d i s c r e p a n c y  must e x i s t  between t h e  i n i t i a l  r e s p o n s e  and  t h e  

e l i c i t ed  r e s p o n s e ,  o r ,  t o  p u t  it d i f f e r e n t l y ,  i n  order f o r  l e a r n i n g  

t o  o c c u r  t h e  r e s p o n s e  t o  t h e  e l i c i t i n g  s t i m u l u s  must be a t  v a r i a n c e  

w i t h  t h e  s t r e n g t h  o f  r e spond ing  t o  t h e  a n t e c e d e n t  s t i m u l i .  
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The uni fy ing  r e l a t i o n a l  p r inc ip l e  here suggests  t h a t  t h e  

environment acqui res  con t ro l  over whatever responses occur i n  a 
favorable  spatio-temporal r e l a t ionsh ip  t o  a homogeneous discrepancy 
( i . e . ,  a discrepancy confined t o  t h e  response systems a c t i v a t e d  by 

t h e  r e i n f o r c e r ) .  I n  s u c h  a view, a heterogeneous instrumental  
behavior t h a t  i s  d iscrepant  concurrently w i t h  a homogeneously 
d iscrepant  response w i l l  change i n  s t r e n g t h  pure ly  a s  a func t ion  of 
i t s  c o r r e l a t i o n  with t h e  homogeneous discrepancy. A wide range of 
behavioral  phenomena, including what a r e  genera l ly  regarded a s  
anomalous f ind ings ,  such a s  deviat ions from matching, and b io log ica l  
c o n s t r a i n t s  on learn ing  a r e  accounted f o r  within t h e  framework of t h e  
r e l a t i o n a l  p r i n c i p l e .  While s t i l l  t e n t a t i v e  and i n  need of f u r t h e r  
research  t o  a s ses s  t h e  e n t i r e  range of i t s  a p p l i c a b i l i t y ,  it 

c u r r e n t l y  appears t o  o f f e r  one of t h e  more comprehensive and 
parsimonious accounts of behavior and i t s  maintenance by 

reinforcement.  T h i s  account i s  molecular, r a t h e r  than molar, and as  
such suggests  t h a t  moment t o  moment environmental/behavioral 
i n t e r a c t i o n s  determine the  molar a spec t s  of behavior .  Molar accounts 
such a s  t h e  equi l ibr ium and economic approach a r e  usefu l  i n  appl ied  
s e t t i n g s  s i n c e  they r e f e r  t o  e a s i l y  observed and measured u n i t s  of 
behavior .  Evidence e x i s t s  however, t h a t  such molar accounts a r e  
o f t e n  inadequate t o  t h e  t a s k  of accura te ly  p r e d i c t i n g  behavior 
change. I n  p r i n c i p l e ,  of course, "economic" accounts of behavior, a t  
l e a s t ,  need not be molar and a wide v a r i e t y  of proposals  f o r  how 
equi l ibr ium comes about a r e  cur ren t ly  being e n t e r t a i n e d  and 
experimented upon within t h e  f i e l d .  A u n i f i e d  r e l a t i o n a l  ana lys i s  of 

t h e  p r i n c i p l e s  involved, however, would seem t o  provide a 
t h e o r e t i c a l l y  cons i s t en t  and empir ical ly  use fu l  account of any 
d iscrepancies  obtained between predicted and observed d a t a .  

I t  is ,  of course, obvious t h a t  t h e  most product ive conceptual 
and methodological approaches t o  long-term research  investments 
focused upon human behavior i n  space environments w i l l  r equ i r e  

m u l t i d i s c i p l i n a r y  inpu t s  from such wide-ranging f i e l d s  a s  molecular 
biology, environmental physiology, behavioral  biology, a r c h i t e c t u r e ,  
sociology,  and p o l i t i c a l  science,  among o t h e r s .  The ex ten t  t o  
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which t h e s e  seve ra l  a r e a s  of s c i e n t i f i c  and p ro fes s iona l  e x p e r t i s e  
can be meaningfully in t eg ra t ed  i n  t h e  i n t e r e s t  of developing a 
product ive space research  agenda, however, w i l l  depend c r i t i c a l l y  
upon t h e  a v a i l a b l e  knowledge base def in ing  fundamental behavioral  
i n t e r a c t i o n s  of t h e  ind iv idua l  organism. T h i s  core subject mat ter  
w i l l ,  of necess i ty ,  provide t h e  c r i t i c a l  l i n k s  which e x t e n d  t h e  t i e s  
between many d ive r se  d i s c i p l i n e s  t h a t  m u s t  provide t h e  e s s e n t i a l  
foundations of a research agenda on human behavior i n  space 
environments. 

For w e l l  over a decade, t h e  work on t h i s  p ro j ec t  has been 
directed toward t h e  development and app l i ca t ion  of an experimental  
methodology f o r  t h e  s t u d y  of human ind iv idua l  and small group 
p roduc t iv i ty  under semi-autonomous confined microsociety condi t ions .  
A d i s c u r s i v e  r a t i o n a l e  and preliminary model have been provided f o r  
t h e  a p p l i c a t i o n  of continuously programmed environments i n  such  human 
research  on t h e  b a s i s  of extended experimental  con t ro l ,  o b j e c t i v e  
recording, and t h e  maintenance of r e a l i s t i c  and n a t u r a l i s t i c  
i ncen t ive  condi t ions f o r  t h e  assessment of a broad range of 
behaviora l  and b io log ica l  processes.  I n  addi t ion ,  an e f f e c t i v e  
methodology has been developed f o r  t h e  experimental con t ro l ,  
manipulation, and measurement of re levant  ind iv idua l  and group 
performance f a c t o r s  i n  such human behavioral  research.  To da te ,  over 
200 male and female volunteers  have p a r t i c i p a t e d  i n  a s e r i e s  of 
s t u d i e s  f o r  extended per iods of continuous residence i n  t h e  
programmed confined microsociety environment 

I n i t i a l  s t u d i e s  w e r e  designed t o  eva lua te  and optimize t h e  

temporal, sequent ia l ,  and contingent r e l a t i o n s h i p s  t h a t  enhance 
h a b i t a b i l i t y  and  performance product iv i ty  w i t h  groups of two and 
three ind iv idua l s  over extended i n t e r v a l s .  That base l ine  ind iv idua l  
and s o c i a l  behaviors observed w i t h i n  t h e  confined microsociety 
environment a r e  s e n s i t i v e  t o  changes i n  behavioral  cont ingencies  was 
convincingly demonstrated i n  a s e r i e s  of 10- t o  15-day three-person 
s t u d i e s .  The r e s u l t s  of these i n i t i a l  experiments confirmed t h e  
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p r a c t i c a l  f e a s i b i l i t y  of contingency management and i s o l a t e d  groups. 
The r e l a t i o n s h i p s  between individual  performance p roduc t iv i ty  and 
s o c i a l  i n t e r a c t i o n s  were emphasized by  t h e  observed d e t e r i o r a t i o n  of 
i nd iv idua l  p roduc t iv i ty  under conditions of group fragmentat ion.  
E x p l i c i t l y  programmed s o c i a l  contingencies were demonstrably 
e f f e c t i v e  however, i n  maintaining group cohesion and prevent ing 
performance d e t e r i o r a t i o n .  

The robust  e f f e c t s  of s u c h  s o c i a l  cont ingencies  upon t h e  
behavior of small  groups i n  i so l a t ed  and confined mic rosoc ie t i e s  
provided t h e  b a s i s  f o r  an experimental ana lys i s  of motivat ional  
f a c t o r s  a s  determinants of performance e f f ec t iveness  and morale. The 
r e s u l t s  of t hese  s t u d i e s  showed t h a t  w i t h  groups of sub jec t s  under 
ave r s ive  con t ro l  ( i . e . ,  an avoidance schedule) ,  work performance 
changed and i d i o s y n c r a t i c  expressions of d i sp leasure  and aggression 
emerged. Appet i t ive schedule conditions were, f o r  t h e  most p a r t ,  
f r e e  from such  de l e t e r ious  by-products even when extremely high work 
outputs  w e r e  observed. F u r t h e r m o r e ,  s t rong  o v e r a l l  r e l a t i o n s h i p s  
were revea led  between indiv idua l  performance p roduc t iv i ty  and mean 
d a i l y  c o r t i s o l  l e v e l s .  

These e a r l y  inves t iga t ions  c l e a r l y  e s t ab l i shed  s o c i a l  v a r i a b l e s  
a s  fundamental con t r ibu to r s  t o  the o v e r a l l  s t a t u s  of a confined 
microsociety.  Group pa r t i c ipan t s  w e r e  observed t o  seek s o c i a l  
i n t e r a c t i o n  under  one set of conditions ( e . g . ,  cooperation 
cont ingencies  and a p p e t i t i v e  performance schedules) ,  and withdraw 
from s u c h  i n t e r a c t i o n  under other condi t ions  ( e . g . ,  p a i r i n g  
cont ingencies  and avoidance performance schedules) .  Accordingly, 
group performance e f f ec t iveness  s tud ie s  were i n i t i a t e d  t o  a s s e s s  t h e  

e f f e c t s  on ind iv idua l  and group product iv i ty  of a n o v i t i a t e  
p a r t i c i p a n t ' s  m r o d y c t  i on  i n t o  and withdrawal from a prev ious ly  

e s t a b l i s h e d  and s t a b l e  two-person s o c i a l  sys t em.  Two performance 
t a s k s  w e r e  incorporated i n t o  t h e  behavioral  program and measures of 
u r ina ry  androgens w e r e  obtained.  The s e n s i t i v i t y  of t e s t o s t e r o n e  
l e v e l s  t o  changes i n  group composition, f o r  example, was most evident 
i n  groups whose work rout ines  and/or wake-sleep schedules were 
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disrupted for some members but remained stable for others. More 
specifically, success in gaining or maintaining access to a 
performance work schedule least disruptive of established wake-sleep 
routines when changes in group composition occurred was generally 
accompanied by elevations in testosterone levels. Conversely, 
decreases in testosterone levels were associated with changes in 
group composition that occasioned shifts to less than optimal work 
and/or sleep schedules. These findings emphasized the importance of 
a multidimensional analysis of the behavioral and biological 
interactions which determine the adaptations and adjustments of small 
groups in confined microsocieties. 

Subsequent extensions of these studies involved a series of 
experiments undertaken to determine how the W c e m e n L  of a member ' 

of an established group affected the individual and group 
performances of a functional unit. Total urinary testosterone was 
determined for all subjects across successive days of these 
experiments, with changes in such hormonal levels being observed in 
relationship to shifts in work and sleep times. This latter effect 
confirmed the outcomes observed in the introduction studies, and 
demonstrated, by systematic replication, the generality of the 
behavioral-biological processes governing such effects. In addition, 
autocorrelational analyses were conducted for mean vocal utterances 
per minute for all possible subject pairs as observed during group 
performances. These analyses revealed an alteration in communication 
patterns when replacement occurred, and they suggest that intermember 
speech patterns may provide "early warning signs" of a group's 
difficulty in forming an effective operational unit. 

The clear focus on motivational processes in accounting for the 
experimental outcomes emerging from these studies led to the 
development of a new set of procedures emphasizing analysis of such 
factors in the maintenance of productivity and social habitability in 
progressively autonomous confined microsocieties. Conceptually, the 
key element in this approach to human productivity is the appeal to a 
person's own natural behavioral dispositions as a basic determinant 
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of motivat ion.  Previous experimental s t u d i e s  of human motivation 
have gene ra l ly  emphasized t h e  " e x t r i n s i c a l l y "  def ined rewards l i k e  

food o r  money. Under t h e  spec ia l  condi t ions  of extended i s o l a t i o n  i n  

confined microsoc ie t ies  l i k e l y  t o  be c h a r a c t e r i s t i c  of f u t u r e  space 
opera t ions ,  however, more re f ined  procedures w i l l  doubt less  be 

requi red  t o  maintain highly motivated human p a r t i c i p a n t s .  I n  t h i s  

l a t t e r  regard,  t h e  t h r u s t  of current  labora tory  i n i t i a t i v e s  d i r e c t s  
a t t e n t i o n  t o  those  " i n t r i n s i c a l l y "  valuable  a c t i v i t i e s  t h a t  
c h a r a c t e r i z e  t h e  ordinary human r e p e r t o i r e  with a view t o  s t r u c t u r i n g  
o r  p a t t e r n i n g  these  a c t i v i t i e s  t o  optimize autonomous ind iv idua l  
p roduc t iv i ty  and cooperative group i n t e r a c t i o n s .  

I t  is ,  of course, commonplace t o  observe t h a t  i nd iv idua l s  and 
groups w i l l  work long and hard t o  engage i n  s e l e c t e d  a c t i v i t i e s  
gene ra l ly  judged t o  be p l easan t .  From an experimental perspec t ive ,  a 
set of s u c h  p leasurable  a c t i v i t i e s  can be i d e n t i f i e d  i n  advance of 
t h e i r  being used a s  rewards by assessing t h e  r e l a t i v e  value of t h e  
a c t i v i t i e s  i n  a behavioral  hierarchy.  Under condi t ions of 
u n r e s t r i c t e d  access  t o  a wide range of a c t i v i t i e s ,  those on which t h e  
most t i m e  i s  spent w i l l  funct ion a s  r e i n f o r c e r s  ( i . e . ,  rewards) when 
access  t o  them i s  made ava i l ab le  only a f t e r  a s p e c i f i e d  amount of 
t i m e  i s  spent  i n  a l e s s e r  valued a c t i v i t y .  General izat ion of these 

r e l a t i o n s h i p s  t o  work environments has presented r ecu r ren t  problems 

however, because t h e  reported s tudies  w i t h  humans have inva r i ab ly  
used a c t i v i t i e s  chosen by  t h e  subjects  themselves ( e . g . ,  p re fe r r ed  
hohhies, rezding m.at_erials; c t c . !  . The k i n d  of t a s k s  found i n  most 

work s e t t i n g s  a r e  not a s  inherent ly  valuable  however, and it has not 
been c l e a r  t h a t  t hese  general  motivational p r i n c i p l e s  apply t o  sets 
of ass igned o r  required a c t i v i t i e s .  I t  has been our ob jec t ive  then, 
during t h e s e  extensions of t h i s  behavioral  technology t o  a s ses s  t h e  
f u n c t i o n a l  p r o p e r t i e s  of t h e  k ind  of performance t a s k s  t y p i c a l  of a 
work environment ( e .g . ,  space s t a t i o n )  w i t h i n  t h i s  motivat ional  
contex t .  

The genera l  procedure developed f o r  a s ses s ing  t h e  e f f e c t s  on 
work p r o d u c t i v i t y  of such motivational i n t e rven t ions  has involved 
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groups of t h r e e  sub jec t s  each l i v ing  continuously i n  a r e s i d e n t i a l  
l abora tory  and engaging i n  a va r i e ty  of a c t i v i t i e s  over ex tended  
per iods up t o  3 and 4 weeks. Each day i s  divided i n t o  a requi red  
work per iod  and a s o c i a l  access  choice per iod .  During t h e  work 
per iod  each subjec t  remains alone i n  h i s  i nd iv idua l  room and engages 
i n  four  designated and required work a c t i v i t i e s  including two 
computer te rmina l  monitoring tasks ,  a rou t ine  s o r t i n g  t a s k ,  and 
r e p e t i t i v e  manual opera t ion .  I t  i s  l e f t  t o  t h e  sub jec t  t o  decide i n  
which of t h e  four  t a s k s  t o  engage, b u t  one o r  another of t h e s e  
a c t i v i t i e s  m u s t  be i n  progress  a t  a l l  t i m e s  dur ing t h e  work per iod  
hours .  During t h e  choice period each day, sub jec t s  have access  t o  
ind iv idua l  a c t i v i t i e s  of t h e i r  own choosing ( e . g . ,  reading mater ia l ,  
games, music, e t c . )  a s  wel l  a s  access t o  group a c t i v i t i e s  and 
i n t e r a c t i o n s  i n  t h e  common soc ia l  a r eas  of t h e  r e s i d e n t i a l  
l abo ra to ry .  Thus, comparisons can be made of t h e  motivat ional  
e f f e c t s  upon p roduc t iv i ty  under  condi t ions which involve both work 
and non-work a c t i v i t i e s .  

A s e r i e s  of s t u d i e s  has been completed with groups of male 
s u b j e c t s  r e c r u i t e d  and screened i n  accordance w i t h  procedures 
prev ious ly  descr ibed and published i n  d e t a i l .  They l i v e d  
continuously i n  t h e  programmed r e s i d e n t i a l  environment f o r  per iods up 
t o  a month. Each sub jec t  was alone i n  h i s  i nd iv idua l  room f o r  6 h r s  

per  day, and f o r  9 h r s  each day each a l s o  had access  t o  a common 
s o c i a l  a r ea  t h a t  a l l  sub jec t s  could use  simultaneously.  A l l  behavior 
was monitored t h r u  high-resolution co lo r  video cameras and was 

ca tegor ized  and recorded by  t r a ined  observers using a microcomputer 
program developed f o r  observation of ordinary human behavior .  

A l l  communication w i t h  subjects  was done using microcomputer , 

t e rmina ls  with both s tandard messages and open-ended i n t e r a c t i o n s .  
I n  most cases, re ference  was made t o  previously explained procedures, 
b u t  t h e  sys tem a l s o  allowed f o r  answering ques t ions  and responding t o  
r eques t s  f o r  food o r  supp l i e s .  Control of access  t o  t h e  a c t i v i t i e s  
involved i n  cont ingencies  was signaled using a red i n d i c a t o r  l i g h t  
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near t h e  computer keyboard; when t h e  i n d i c a t o r  was on, a previously 
designated a c t i v i t y  was not ava i l ab le .  

Each s u b j e c t ' s  r e p e r t o i r e  of a c t i v i t i e s  was ca tegor ized  and 
def ined using a combined c r i t e r i o n  of manual contac t  and/or head 
o r i e n t a t i o n .  The c a t e g o r i t i z a t i o n  was discussed w i t h  each subjec t  t o  
be c e r t a i n  t h a t  t h e  boundaries corresponded t o  t h e  sub jec t s '  
percept ions  of t h e i r  a c t i v i t i e s  and were c l e a r l y  understood f o r  
purpose of l a t e r  verba l  i d e n t i f i c a t i o n .  There  was a s tandard set of 

work-like a c t i v i t i e s  a v a i l a b l e  i n  t h e  ind iv idua l  room during t h e  

per iod  each subjec t  was alone.  Two t a s k s  were performed a t  a 
computer keyboard w i t h  a video s c r e e n .  One involved v ig i l ance  of a 
s t r i n g  of numbers t o  de t ec t  skipped e n t r i e s  i n  a series ( V I G I ) ,  and 
t h e  o the r  required s u b s t i t u t i n g  d i g i t s  f o r  a s t e r i s k s  i n  simple 
decoding procedure using a 3 x 3 matrix ( D S S T ) .  There was a l s o  a 
manual t a s k  t h a t  requi red  hooking p ieces  of wool i n t o  holes  i n  a 
p iece  of nylon backing (RUG). The l a s t  t a s k  required a lphabet iz ing  
p ieces  of paper on which randomly generated nonsense words were 
p r i n t e d  (WORDS). Each subjec t  a l so  brought a s e t  of ind iv idua l  hobby 
a c t i v i t i e s ,  and these  were normally a v a i l a b l e  only during t h e  per iod 
when subjects could ga ther  i n  t h e  common a r e a .  

The experiment began with a base l ine  per iod  (up t o  7 days) 
during which t h e r e  was only one r e s t r i c t i o n  on how sub jec t s  spent 
t h e i r  t ime.  They were f r e e  t o  engage i n  any of t h e  work-like 
a c t i v i t i e s  provided, but they had t o  engage i n  one of t h e m .  They 
were not  allowed t o  s i t  and do nothing. This base l ine  was intended 
t o  be t h e  func t iona l  equivalent  of an ope ra t iona l  mission i n  which 

ind iv idua l  crew members and/or payload s p e c i a l i s t s  a r e  required t o  
engage i n  a c t i v i t i e s  designated by mission c o n t r o l .  The percentage 
of t i m e  devoted t o  t h e  a c t i v i t i e s  during t h e  i n i t i a l  base l ine  was 
used t o  s e l e c t  t h e  responses f o r  t h e  f i r s t  contingency condi t ion .  
Each experimental  manipulation was a l s o  followed by a base l ine  
per iod .  T h i s  work-alone basel ine was a l s o  compared w i t h  a base l ine  
during t h e  p r i v a t e  sess ion  which included both t h e  work a c t i v i t i e s  
and t h e  p r e f e r r e d  a c t i v i t i e s  brought i n t o  t h e  labora tory  by each 
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work-ac t iv i t ies  were without s i g n i f i c a n t  inherent  va lue .  Indeed, 
under such condi t ions,  t h e  subjects  were observed t o  spend l i t t l e  o r  
no time on t h e  a r t i f i c i a l  o r  synthe t ic  work a c t i v i t i e s ,  though t h e  
l e v e l  of performance of t h e  work a c t i v i t i e s  increased  dramat ica l ly  
once t h e  competing se l f - se l ec t ed  a c t i v i t i e s  w e r e  no longer a v a i l a b l e .  

T h i s  comparison provided a check of t h e  assumption t h a t  t h e  

Data from t h e  work-activit ies-alone base l ine  condi t ion 
immediately preceding each contingency were used t o  select two 
a c t i v i t i e s  f o r  which there was a r e l a t i v e l y  s t a b l e  preference o rde r .  

An a c t i v i t y  with a high p robab i l i t y  (percent  time i n  base l ine )  was 
s e l e c t e d  a s  t h e  contingent response ("reward") ,  and an a c t i v i t y  with 
a lower p r o b a b i l i t y  was se l ec t ed  a s  t h e  instrumental  response.  
Performance of t h e  instrumental  response was requi red  t o  gain access 
t o  t h e  contingent response.  

T h e  amount of t i m e  ava i lab le  f o r  t h e  contingent response was a 
cons tan t  proport ion of t h e  time devoted t o  t h e  designated 
ins t rumenta l  response, and t h e  s ize  of t h e  proport ion was learned 
from experience w i t h  t h e  contingency, not from i n s t r u c t i o n s .  A 

br ie f ,  m i n i m u m  amount of instrumental  performance was required t o  
t u r n  o f f  t h e  red r e s t r i c t i o n  l i g h t  and gain access  t o  t h e  contingent 
response.  Access t o  t h e  contingent response d id  not have t o  be used 
immediately o r  a l l  a t  one t i m e  ( n o  " l i m i t e d  ho ld" ) ,  so  t h e  sub jec t s  

could engage i n  t h e  response a t  severa l  d i f f e r e n t  t i m e s  f o r  sho r t  
du ra t ions  o r  u s e  t h e  t i m e  a l l  a t  once. There was no l i m i t  on t h e  

amount of time t h a t  could be accumulated f o r  t h e  contingent response. 
A s  long a s  t h e  t o t a l  t i m e  on t h e  contingent response d id  not exceed 
t h e  c r e d i t  accumulated by instrumental  performance, each subjec t  
could a l t e r n a t e  between t h e  two responses i n  any p a t t e r n .  

earned t i m e  was used, t h e  red  l i g h t  was turned on and t h e  m i n i m u m  

ins t rumenta l  performance was again requi red  t o  remove t h e  

r e s t r i c t i o n .  

0 

When t h e  

A t  t h e  beginning of each contingency condi t ion each subjec t  read 
a d e s c r i p t i o n  of t h e  contingency condi t ion .  Subjects  were t o l d  t h e  
a c t i v i t i e s  involved, and they were reminded t h a t  they were & 
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t o  remove t h e  r e s t r i c t i o n  o r  engage i n  e i t h e r  of t h e  

a c t i v i t i e s  i n  t h e  c o n t i n g e n c y .  Other o p t i o n a l  a c t i v i t i e s  w e r e  

ava i lab le  a t  a l l  t i m e s .  

A r e s p o n s e  d e p r i v a t i o n  f o r m u l a t i o n  w a s  u s e d  t o  c a l c u l a t e  t h e  
amount of c o n t i n g e n t  credit  ea rned  fo r  e a c h  u n i t  of i n s t r u m e n t a l  

pe r fo rmance .  T o  e a r n  t h e  amount o f  t i m e  devoted t o  t h e  c o n t i n g e n t  
r e s p o n s e  d u r i n g  b a s e l i n e ,  a s u b j e c t  w a s  r e q u i r e d  t o  i n c r e a s e  t h e  t i m e  

devoted t o  t h e  i n s t r u m e n t a l  r e sponse  above i t s  b a s e l i n e  l eve l .  
C o n s i d e r  a s u b j e c t  w i t h  an  i n s t r u m e n t a l  r e s p o n s e  t h a t  o c c u p i e d  25% of  

b a s e l i n e  and  a c o n t i n g e n t  r e sponse  t h a t  o c c u p i e d  40%.  A p r o p o r t i o n a l  
c o n t i n g e n c y  might  r e q u i r e  doub l ing  t h a t  i n s t r u m e n t a l  pe r fo rmance  t o  
m a i n t a i n  t h e  c o n t i n g e n t  r e sponse ,  so  each 5 u n i t s  o f  i n s t r u m e n t a l  

t i m e  would y i e l d  credit fo r  4 u n i t s  o f  c o n t i n g e n t  access t i m e .  Such 

a s u b j e c t  c o u l d  c o n t i n u e  t o  perform t h e  c o n t i n g e n t  a c t i v i t y  40% of 

h i s  t i m e  as l o n g  as h e  engaged i n  t h e  i n s t r u m e n t a l  a c t i v i t i e s  d u r i n g  

50% of t h e  work per iod.  

Before t h e  b e g i n n i n g  of t h e  expe r imen t  a l l  s u b j e c t s  s p e n t  t i m e  

i n  t h e  l a b o r a t o r y  r e c e i v i n g  a f u l l  o r i e n t a t i o n  t o  t h e  l i v i n g  
s i t u a t i o n  a n d  t h e  e x p e r i m e n t a l  p r o c e d u r e s .  I n s t r u c t i o n s  w e r e  g i v e n  
e x p l a i n i n g  communication w i t h  t h e  e x p e r i m e n t e r s ,  u s e  o f  t h e  micro- 
computer  t e r m i n a l s ,  t h e  d a i l y  schedu le ,  t h e  f o o d  s c h e d u l e ,  and  a l l  of  

t h e  e x p e r i m e n t a l  p r o c e d u r e s  t o  be u s e d .  A w r i t t e n  protocol  w a s  

provided f o r  e a c h  s u b j e c t  t o  keep f o r  r e f e r e n c e  d u r i n g  t h e  

e x p e r i m e n t .  The re  w a s  no  d e c e p t i o n  i n  t h e  expe r imen t ,  so s u b j e c t s  
w e r e  aware of a l l  p r o c e d u r e s  i n  advance;  t h e y  w e r e  n o t  t o l d  t h e  e x a c t  

order o r  d u r a t i o n  of t h e  c o n d i t i o n s  however, n o r  w e r e  t h e y  t o l d  how 
p r e v i o u s  s u b j e c t s  i n  t h e  s t u d y  had performed. 

S u b j e c t s  were awakened a t  0 9 : O O  b y  a s i g n a l  t o n e  a n d  allowed 45 
m i n u t e s  t o  shower,  dress a n d  e a t .  The i n t e r v a l  f r o m  09:45 t o  16:OO 
w a s  the  i n d i v i d u a l  a c t i v i t y  p e r i o d  d u r i n g  which t i m e  s u b j e c t s  w e r e  
f ree  t o  take  a 30-minute l u n c h  b r e a k .  From 16:OO t o  u n t i l  23:OO 
s u b j e c t s  c o u l d  s p e n t  t i m e  i n  t h e  social  area engag ing  i n  g roup  
a c t i v i t i e s  w i t h  o t h e r  s u b j e c t s .  Each g roup  prepared a n d  a t e  a meal 
s o m e t i m e  d u r i n g  t he  s o c i a l  p e r i o d .  A t  23:OO s u b j e c t s  r e t u r n e d  t o  
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t h e i r  p r i v a t e  a r e a  t o  prepare for s l eep ,  and t h e  l a b  was darkened a t  
24:OO. Subjec ts  remained i n  bed i n  t h e i r  darkened p r i v a t e  room u n t i l  
t h e  09:OO wake-up s i g n a l .  

The r e s u l t s  of t hese  s tud ies  showed t h a t  t h e  e f f e c t  of t h e  

reinforcement cont ingencies  w a s  s t ra ight forward  and c o n s i s t e n t .  Both 
t h e  designated work a c t i v i t i e s  ( instrumental  responses) and t h e  
rewarding a c t i v i t i e s  (contingent response) w e r e  a f f e c t e d  i n  t h e  same 
way a s  highly valued a c t i v i t i e s  u s e d  i n  previous research .  The 
amount of t i m e  devoted t o  t h e  designated instrumental  responses was 
g r e a t l y  increased during t h e  contingency per iods .  Such increases  
were observed i n  43 of 4 7  t r a n s i t i o n s  between a base l ine  and 
contingency condi t ion w i t h  over half  t h e  cont ingencies  producing 
instrumental  performances more than double t h e  base l ine  l e v e l .  

T h e  resu l t s  of t hese  s tud ies  a l s o  demonstrated t h a t  t h e  e f f e c t s  
of such experimental  manipulations upon t h e  contingent o r  rewarding 
work a c t i v i t y  w e r e  s i m i l a r  t o  t h o s e  which have been reported w i t h  

i nhe ren t ly  valuable ,  p refer red ,  o r  a t  l e a s t  s e l f - s e l e c t e d  a c t i v i t i e s .  
When cont ingencies  w e r e  placed on t h e  h igh-probabi l i ty  work a c t i v i t y ,  
t h e r e  were cons i s t en t  reductions i n  t h e  time devoted t o  these 

a c t i v i t i e s ,  and sub jec t s  r a r e l y  r e s to red  t h e  r e s t r i c t e d  a c t i v i t y  t o  
i t s  base l ine  l e v e l .  There would appear t o  be a degree of depr iva t ion  
of t h e  h igh-probabi l i ty  work a c t i v i t y  t h a t  i s  s u f f i c i e n t l y  acceptable  
such  t h a t  s u b j e c t s  a r e  w i l l i n g  t o  a t  l e a s t  t o l e r a t e  it r a t h e r  than 
e l imina te  i t .  By t h e  same token, t h e  sub jec t s  i n  t hese  experiments 
c o n s i s t e n t l y  d i d  more than t h e  amount of t h e  instrumental  work 
a c t i v i t y  requi red  t o  r e s t o r e  access t o  t h e  restricted work a c t i v i t y ,  
t hus  always maintaining a condition i n  which t h e i r  "bank accounts" 
never w e n t  t o  zero.  

The r e s u l t s  of t hese  experiments show c l e a r l y  t h a t  a time-based 
model of value app l i e s  equal ly  well t o  both work-like performances 
and s e l f - s e l e c t e d  o r  p re fe r r ed  r ec rea t iona l  a c t i v i t i e s .  Even when 
t h e  a c t i v i t i e s  have no apparent inherent  value,  an assessment of t h e  
t i m e  devoted t o  them i n  a constrained base l ine  y i e l d s  o rde r ly  
p r e d i c t i o n s  of r e d i s t r i b u t i o n  u n d e r  a contingency. These resu l t s  
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genera l ly  confirm t h e  p o t e n t i a l  for  app l i ca t ion  of t h e  model t o  
workplace s e t t i n g s  l i k e  Space S ta t ion .  These r e s u l t s  a l s o  support 
t h e  p o s i t i o n  t h a t  a base l ine  estimate i s  a r e l a t i v e  r a t h e r  than an 
absolu te  measure of t h e  value of a performance. Forcing a l l  of t h e  
a c t i v i t i e s  above t h e i r  normal l e v e l  of performance d id  not  a l t e r  t h e  
u t i l i t y  of t h e  hierarchy f o r  making p red ic t ions  about cont ingencies .  
A s  long a s  r e l a t i v e  preference can be descr ibed q u a n t i t a t i v e l y ,  a 
response depr iva t ion  ca l cu la t ion  can make an accura te  p red ic t ion  
about t h e  outcome of a contingency. 

I t  i s  poss ib l e  t h a t  t h e  instrumental  increases  observed could 
have r e s u l t e d  from o the r  f a c t o r s  i n  add i t ion  t o  depr iva t ion  of t h e  

base l ine  l e v e l  of t h e  contingent response.  A r e s t r i c t i o n  of one 
response makes time a v a i l a b l e  for o the r s ,  and i n  t h e  present  
experiment t h e r e  was a requirement t h a t  sub jec t s  engage i n  one of t h e  
a c t i v e  response ca t egor i e s .  It is  i n  f a c t  t h e  case however, t h a t  t h e  
instrumental  performance which showed such dramatic increases  i n  

response t o  t h e  contingency requirement was s e l e c t e d  because it was 
t h e  lowest p r o b a b i l i t y  a c t i v i t y  i n  t h e  a r r ay  of work opt ions f o r  each 
ind iv idua l  s u b j e c t .  Other higher p r o b a b i l i t y  performances remained 
a v a i l a b l e  without s i g n i f i c a n t  change i n  t h e  time devoted t o  them 
under  contingency condi t ions .  

I n  extended durat ion operat ional  mission s e t t i n g s  l i k e  Space 
S t a t i v r i  characier izeb by ii i-iiiige of b&iaviora: rzqii irei~ents,  i ~ z j ~ r  

human f a c t o r  concerns focus upon p roduc t iv i ty  and q u a l i t y  performance 
under  condi t ions  devoid of many of t h e  usua l  consequences t h a t  
maintain e f f e c t i v e  output i n  the workplace. I n  addi t ion ,  t h e  

inc reas ing  autonomy generated by such circumstances w i l l  r equ i r e  an 
augmented focus on maintaining in te rpersonal  harmony among t h e  group 
p a r t i c i p a n t s  t o  achieve m i s s i o n  ob jec t ives  without supervis ion o r  
e x t e r n a l  c o n s t r a i n t .  Research designed t o  confirm and expand 
gene ra l i zab le  knowledge relevant  t o  t h e  motivat ional  f a c t o r s  t h a t  
maintain and enhance both individual  and group performance 
e f f e c t i v e n e s s  i n  i s o l a t e d  and confined microsoc ie t ies  i s  e s s e n t i a l  t o  
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the development of the fundamental and applied data base in this 
critical life science domain. 

The nature and extent of long-term space initiatives are 
obviously problematic issues which involve important political, 
fiscal, and scientific/engineering considerations. Since specific 
requirements and time schedules are difficult to determine under such 
circumstances, the emergent imperatives of human behavior research in 
support of long-term space occupancy would seem best served by the 
development of conceptual and methodological approaches which are 
heuristic and productive of investigative innovation. Despite 
uncertainties associated with the behavioral requirements of space 
laboratories, work stations, interplanetary probes, and settlements 
beyond the Earth's atmosphere, a common feature of these diverse 
endeavors will be extended time intervals involving confinement of 
human participants in extraterrestrial habitats. A primary focus of 
conceptual and methodological concerns must then be upon the 
development of research-based technological, organizational, and 
sociological support of the human behavioral repertoire under such 
circumstances. 

Beyond the somewhat narrower considerations of space craft 
design and specific scheduling of human performance and leisure 
requirements the interactive physical and behavioral features of the 
environment must provide for configuration of the sociopolitical 
organization of space-dwelling groups. The solution to this problem 
will doubtless depend upon input from many scientific disciplines and 
upon several levels of conceptual and methodological analysis. The 
present, somewhat primitive, state of knowledge in this area is 
probably limited to the information base of those public agencies 
which serve as the storehouse for the provisioning of expeditionary 
forces of various kinds (e.g., space crews, military teams, labor 
groups, etc.). Initial expeditionary efforts have always been 
characterized by authoritarian structure because of serious 
environmental hazards, uncertainties, and minimum provisioning found 
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i n  s u c h  unde r  t a k i n g s .  So it w i l l  a l so  be f o r  t h e  f o r s e e a b l e  f u t u r e  

w i t h  space e x p l o r a t i o n .  

The f r e q u e n t  s e q u a l a e  o f  such e x p e d i t i o n s ,  however, are t h e  

e s t a b l i s h m e n t  of e x t e n d e d  or permanent s e t t l e m e n t s  a n d  t h e  e v e n t u a l  
e v o l u t i o n  of independence .  T h i s  e v o l u t i o n  develops because ,  t hough  
o r i g i n a l l y  t h e  " s e n d e r s "  a r e  e x c l u s i v e l y  r e s p o n s i b l e  f o r  t h e  

r e i n f o r c i n g  consequences  o f  t h e  a c t i v i t y ,  pay  e x p l i c i t  fees, a n d  

demand a b s o l u t e  c o n t r o l  o v e r  t h e  rewarded pe r fo rmances ,  g r a d u a l l y  as 
larger  numbers o f  i n d i v i d u a l s  a r e  t r a n s p o r t e d  t o  es tabl ished 

s e t t l e m e n t s ,  t h e  needs  and a s p i r a t i o n s  ( r e i n f o r c e r s )  o f  t h e  l l s e n t l l  

t a k e  on p r o g r e s s i v e l y  l a r g e r  i n f l u e n c e  r e l a t ive  t o  t h e  r e i n f o r c e r s  of 

t h e  " s e n d e r s " .  T h i s  e v o l v i n g  r e l a t i o n s h i p  i n  t h e  r e i n f o r c e m e n t  

m a t r i x  between t h e  " s e n d e r s "  and  l l s e n t l l  i s  t h e  f o u n t a i n h e a d  f o r  t h e  

e v o l u t i o n  o f  soc ia l  s t r u c t u r e  and government p o l i c y  as  it e x i s t s  i n  

empi re ,  co lony  and  emergent  independent  s t a t e s .  The process h a s  
f i l l e d  h i s t o r y  books w i t h  a major p o r t i o n  o f  human a c t i v i t y  and  
s u f f e r i n g  t h r o u g h o u t  t i m e .  Formal programs of i n v e s t i g a t i o n  t o  

u n d e r s t a n d  t h i s  e v o l u t i o n  and  t h e  dynamics o f  s o c i a l  o r g a n i z a t i o n ,  as 
i n f l u e n c e d  by i n t e r n a l  and  e x t e r n a l  g roup  c o n t i n g e n c i e s ,  must be a 
major s u b j e c t  mat ter  r e q u i r i n g  ex tended  research. 

The c o m p l e x i t i e s  o f  such  r e s e a r c h  i n i t i a t i v e s  which must take 

i n t o  a c c o u n t  a w i d e  v a r i e t y  of  p o s s i b l e  space s e t t l e m e n t s ,  are 
o b v i o u s l y  impos ing .  The c o n c e p t u a l  and  m e t h o d o l o g i c a l  problems 

associated w i t h  d e s i g n i n g ,  e s t a b l i s h i n g ,  and  m a i n t a i n i n g  such  

f u n c t i o n a l  human and  e c o l o g i c a l  sys tems would seem t o  r e q u i r e ,  i n  t h e  

f i r s t  i n s t a n c e ,  an  approach  a t  t h e  m o s t  fundamenta l  s c i e n t i f i c  level, 
w i t h  s u b s e q u e n t  work moving toward m o r e  complex s i t u a t i o n s  on t h e  

basis  of accumula t ed  data .  While such  a n  approach  w i l l  u l t i m a t e l y  

b e n e f i t  t h e  larger  s o c i e t y  by supp ly ing  a n  a n a l y s i s  of p r o c e d u r e s  f o r  
e f f e c t i v e l y  p romot ing  s o c i a l  and ecological s t a b i l i t y ,  t h e  immediate 
r e s u l t s  are f a r  more l i k e l y  t o  be u s e f u l  i n  t h e  management of s m a l l ,  
semi-permanent ,  i so l a t ed  g r o u p s  such  as t h o s e  i n v o l v e d  i n  o p e r a t i o n a l  
m i s s i o n s  o r  space r e s e a r c h .  What must u l t i m a t e l y  be de te rmined  i s  
how t o  m a i n t a i n  a s y n t h e t i c  b e h a v i o r a l  ecosys tem.  T h i s  r e q u i r e s  a t  a 
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minimum a specification of how individuals' social and non-social 
environments influence behavior. Once specified, this can be used to 
synthesize an environment which will reliably produce and maintain 
appropriate repertoires with respect to other members of the social 
environment, life support systems, and work activities. 

w 

The need for such analysis and synthesis may be greater than one 
might initially suspect. Between the Soviet and U.S. manned space 
programs, people have now spent well over 3000 days in space without 
ill effects, although only relatively small groups have been involved 
under continuous control by ground command. It has been suggested 
that this may generate superstitious overconfidence, with a failure 
to recognize the need for technological developments in human group 
maintenance of a satisfactory environment with more extended numbers 
of individuals under stressful and potentially adverse conditions in 
order to augment the probability of successful space occupancy. The 
development of such a technology would-be facilitated by a research 
methodology that provided for simulation of expected environmental 
conditions and the systematic experimental analysis of behavioral 
interactions over extended time periods. The conceptual framework 
and methodological approach to the management of behavioral ecology 
developed in the course of the research project described in this 
report is analytic and synthetic in orientation, explicitly 
experimental in nature, dictated by both scientific and pragmatic 
considerations, and closely approximates procedures of established 
effectiveness ifi ether a reas  o f  natural science. 
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